A recent study in the human-peripheral blood lymphocytesrepertoire were associated with a severe restriction in both severe combined immunodeficiency (hu-PBL-SCID) model, the CDR3 size distribution pattern of the Vb transcripts and analyzing the specificity of the engrafted human T cells, the number of Jb segments used by these transcripts. In showed that human T-cell lines and clones derived from addition, ex vivo phenotypic characterization of engrafted engrafted cells presented a xenoreactivity toward murine cells showed that 70% to 100% expressed the activation host molecules. This observation raised the question of the markers HLA-DR, CD45RO, and CD38. Taken together, these influence of the SCID environment on the ex vivo repertoire results suggest that, following their engraftment, human T and function on the human T cells reconstituting the murine cells were submitted to a massive antigenic selection. Morehost. We have characterized the human Vb repertoire in over, we found that these activated T cells were unresponthe spleen of hu-PBL-SCID mice 1 to 3 months after their sive to in vitro mitogenic and superantigenic activation. The engraftment. Fluorescence-activated cell sorting (FACS) consequences of the skewed repertoire and altered function analysis of human Vb T-cell representation showed that, of engrafted human T cells on the validity of this humanized for all chimeras, all tested Vb subsets were submitted to murine model are discussed. underrepresentation and/or expansion upon engraftment.
and T-cell lineages 1 and thus is theoretically unable to reject from three different healthy donors (CNTS, Hôpital Saint-Louis, allogeneic or xenogeneic tissues. Besides providing a useful The CD4/CD8 ratio was equal to 1.87 in PBL from the initial that the predominance of either CD8 or CD4 human T cells kin-2 (IL-2) receptor was performed with MoAbs specific to epitope inside (Fig 2A) or outside (data not shown) the was independent of time, number, and percentage of human cells repopulating the spleen of engrafted mice. All these binding site of IL-2. In addition, while the percentage of human T cells expressing CD28 molecule remained unresults are consistent with previous studies.
5,8 Therefore, although the SCID mice were inbred and engrafted with PBL changed upon engraftment (Fig 1A) , a decrease in CD28 expression was observed (fluorescence mean 9 in chimera from a single donor, there was a great variability in the proportion and in the pattern of human cells populating the C5 v 58 before the graft) (Fig 1B) . This was confirmed for seven other chimeras (mean of fluorescence 17 { 14 postspleen of chimeras.
The expression of activation markers on human CD3 / T graft) (data not shown). Furthermore, we have observed an inability of human T cells was assessed for the three series of engraftment. Figure  1A shows representative results obtained with seven chimecells to proliferate in response to the bacterial superantigen SEE or to the mitogen PHA, while these cells normally ras engrafted with PBL from donor 1. A mean increase of the percentage of human T cells expressing the early activation responded to these polyclonal activators before the graft ( Fig  1C) . This proliferative defect might be due to the in vivo marker CD69 (17% v 2% before the graft) was observed, but an important individual variation was obtained among existence of already proliferating lymphocytes. However background 3
HTdR incorporation in nonstimulated cultures mice, ranging from 0% to 45%. Conversely, the expression of two late activation markers, CD38 and HLA-DR, was of chimeras' lymphocytes was only slightly increased ( Fig  1C) , suggesting that the loss of response to mitogenic stimustrongly and homogeneously induced in all chimeras, on the majority of human T cells (71% { 18% and 90% { 4% lation of engrafted lymphocytes was not only due to an excess of ex vivo proliferating lymphocytes. In addition, the after engraftment v 39% and 13% before engraftment, respectively). The percentage of human T cells expressing the SI values upon stimulation with PHA were inferior to one for all chimeras (Fig 1C) , indicating that the unresponmemory/activation marker CD45RO also increased after the graft (96% { 2% v 52% before the graft), whereas CD45RA siveness was associated with cell death following in vitro stimulation. expression concomitantly decreased (10% { 5% v 23% before the graft). Furthermore, CD25 was not expressed at this Because these features suggested that human T cells were activated in long-term chimeras, it was important to deterstage of engraftment, whether the detection of the interleu-AID mine whether this cell activation was associated with modiportant modifications of their representation among total CD3 / T cells were observed. Figure 2A shows that five of fications during the reconstitution of the TCR repertoire.
The human Vb usage in hu-PBL-SCID chimeras. We nine mice exhibited an increase in the representation of one (C3/BV8, C20/BV13S1, C21/BV13S1) or more (C33/ studied the human Vb repertoire of engrafted splenic T cells using a battery of MoAbs specific to variable regions of the BV5S2,3-BV12-BV13-BV17 and C34/BV5S2,3-BV6S7-BV8-BV12-BV13S1-BV17) Vb subfamilies. Interestingly, b chain of the TCR. Figure 2A summarizes results obtained for nine reconstituted chimeras, engrafted with PBL from the overrepresentation of BV5S2,3, BV12, and BV17 T cells in chimera C34 was associated with the increase of their donor 1 and killed at day 62, 70, or 77 postgraft. They indicate that, although all the tested human Vb T-cell subsets absolute number (1.68-fold, 2.67-fold, and 1.8-fold, respectively) (data not shown), which strongly suggested a specific were present among splenocytes of reconstituted mice, im-AID / and CD8 / T cells benot shown). To further characterize the nature of the Vb repertoire restriction, we determined whether some Jb segtween chimeras' splenic cells and donors' PBL indicated that the variability in the frequency of the 8 Vb subsets ments were preferentially used. Two CDR3 sizes were chosen: a CDR3 size equal to 11 for the Vb7 / T cells and a studied, previously observed in CD3 / T cells, was also detected in CD4 / , as well in CD8 / T cells (Fig 2B) . In addition, CDR3 size equal to 9 for the Vb17 / T cells (Fig 4) . While all Jb segments were found associated with the Vb7 and both CD4
/ and CD8 / subsets were affected independently. These Vb representation modifications were also found in Vb17 segments in donors' T cells before the graft, a consistent restriction in the usage of Jb segments was observed in absolute number (data not shown). For example, the number of human Vb17 / CD4 / cells was decreased in the spleen of splenic T cells recovered from hu-PBL-SCID mice. This restriction was variable among engrafted mice and ranged chimera C34 as 0.14 1 10 6 Vb17 / CD4 / T cells were recovered for 0.26 1 10 6 injected, while the Vb17 / CD8 / subset from 6 of 13 Jb used (C19) to only 1 Jb used (C24 and C34) for Vb7 and 7 of 13 Jb used (C19) to 1 Jb used (C24) was amplified in this chimera as 1.22 1 10 6 Vb17 / CD8 / T cells were recovered for 0.48 1 10 6 injected. for Vb17 subset. In mice in which all Vb subsets could not be detected by RT-PCR, the restriction of CDR3 size Because available MoAbs did not allow the complete study of the human Vb repertoire by cytofluorometric apdistribution and Jb usage was more pronounced than in mice in which all Vb subsets were detected. The degree of restricproaches, we assessed the presence of the 24 human Vb subsets by reverse transcriptase (RT)-PCR. Results obtained tion probably depends on the kinetics of reconstitution. Interestingly, the overrepresentation of some Vb transcripts with with this method were generally in agreement with FACS analysis, as a good correlation was found between the intendefined CDR3 size was generally associated with the use of only one Jb segment (eg, Vb7 subset in chimera C34). In the sity of the signal obtained by RT-PCR and the percentage of the corresponding Vb subset obtained by FACS analysis.
same way, expansion of some human Vb T cells observed by FACS analysis was found associated with a severe restriction Importantly, RT-PCR analyses showed that in some chimeras (two of four), about half of the total Vb subsets were of their repertoire (for example, in chimera C34, Vb17 subset is restricted to one CDR3 size associated with only two not detected (data not shown). These modifications of the T-cell repertoire suggest that some positive selection events Jb segments), indicating that the expansion of these Vb subsets corresponds to a clonal proliferation. These reperassociated with deletions govern the reconstitution of hu-PBL-SCID mice.
toire analyses argue for the occurrence, in engrafted SCID mice, of clonal specific selection of human T cells. Because Skewed human Vb repertoire in hu-PBL SCID chimeras. To further characterize the nature of the modifications affectit was reported in mice that the in vivo antigenic stimulation induces a similar restriction in the T-cell CDR3 size pating human Vb repertoire in SCID mice, we compared the tern, 14 the skewed TCR repertoire of human cells in chimeras CDR3 size distribution of 24 Vb T-cell subsets before and that we report is probably the consequence of an antigenic after engraftment of several chimeras. In agreement with activation in the SCID environment. previous studies, 19, 20 the Vb profiles obtained for donors' PBL were perfectly gaussian (Fig 3) . Strikingly, strong mod-DISCUSSION ifications of these profiles were induced upon engraftment in SCID mice (representative results are expressed for chiThe present report demonstrates the severe restriction of mera C5). All types of patterns were found from multipeak the Vb T-cell repertoire of human lymphocytes following profiles (for example BV1, BV2, BV5 subsets) to strongly their long-term engraftment in SCID mice, indicating the in restricted profiles exhibiting one dominant peak (for example vivo occurrence of antigenic T-cell selection in the SCID BV4 subset CDR3 Å 8, BV19 subset CDR3 Å 10, BV24 environment. This assessment is supported by the activated subset CDR3 Å 10). We observed overrepresentation, underphenotype of engrafted human T cells. In addition, the chrorepresentation, and disappearance of some peaks as comnicity of the antigenic stimulation during the graft is sugpared with their representation before the graft, correspondgested by both the absence of CD25 and the weak expression ing respectively to the selection (for example BV4, CDR3 of CD28 molecules, already reported, respectively, during Å 8 and BV15, CDR3 Å 14) or the deletion (for example chronic in vivo 21 and in vitro 22 T-cell activation. The involve-BV5, CDR3 Å 8 and BV23, CDR3 Å 11) of T cells with ment of exogenous antigens cannot be ruled out, although defined CDR3 sizes. All these modifications show that the unlikely, because the reconstituted chimeras were mainhuman T-cell repertoire is submitted to a severe restriction tained in a sterile environment. repertoire argues instead for a major selection process conneic selected human T-cell clones proliferate and repopulate several peripheral organs. 11 Strikingly, although SCID mice sistent with a xenoreaction. This xenoreaction would promote the reconstitution of chimeras by human cells. Indeed, were syngeneic and thus genetically homogeneous, a great variability in the Vb repertoire of human cells was observed the xeno-specificity of human CD4 / T cells from chimeras was suggested by a recent study 11 showing that human CD4 / between engrafted mice, confirming previously reported studies.
12 Several causes could be proposed to explain this T-cell lines derived from long-term chimeras were specific to murine MHC class II molecules. Noteworthy, in this previvariability. First, the possible clonal heterogeneity of human T cells injected into recipient mice. Indeed, although it is ous study CD8 / T-cell lines derived from the same chimeras were not found xenoreactive.
11 However, the present study difficult to evaluate the diversity of the human T-cell repertoire, its size was recently estimated to about 2.5 1 10 9 Vb demonstrates that both CD4
/ and CD8 / Vb repertoire were modified, suggesting that, in addition to CD4 / T cells, the specificities. 20 Thus, it is unlikely that identical human Tcell clones were injected in each SCID mice. Second, the human CD8
/ subset was also probably submitted to a xenospecific selection.
immunological environment of xenogeneic clones might differ from one recipient to another, making their positive selecKinetics of reconstitution of SCID mice intraperitoneally engrafted with PBL from healthy donors probably evolves tion variable from one chimera to another. Third, the result of both the massive deletion of engrafted cells and the specific in two main phases.
11,12 During the first phase, most of injected cells remain in the peritoneal cavity and then dramatiselection and expansion of few clones would induce a very restricted T-cell repertoire established at random. cally disappear, whatever the site screened in the murine host, as a consequence of their nonselection.
12 This was conWe have observed an inability of engrafted human T cells to respond in vitro to several polyclonal activators such as firmed in the present study where half of the Vb subsets were not detected by RT 
